ABSTRACT. We identified 131 AP2/ERF (APETALA2/ethyleneresponsive factor) genes in material from peach using the gene sequences of AP2/ERF amino acids of Arabidopsis thaliana (Brassicaceae) as probes. Based on the number of AP2/ERF domains and individual gene characteristics, the AP2/ERF gene superfamily in peach can be classified broadly into three families, ERF (ethylene-responsive factor), RAV (related to ABI3/VP1), and AP2 (APETALA2), containing 104, 5, and 21 members, respectively, along with a solo gene (ppa005376m). The 104 genes in the ERF family were further divided into 11 groups based on the group classification made for Arabidopsis. The scaffold localizations of the AP2/ERF genes indicated that 129 AP2/ERF genes were all located on scaffolds 1 to 8, except for two genes, which were on scaffolds 17 and 10. Although the primary structure varied among AP2/ERF superfamily proteins, their tertiary structures were similar. Most ERF family genes have no introns, while members of the AP2 family have more introns than genes in the ERF and RAV families. All sequences of AP2 family genes were disrupted by introns into several segments of varying sizes. The expression of the AP2/ERF superfamily genes was highest in the mesocarp; it was far higher than in the other C.H. Zhang et al. ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research (2012) Ahead of Print seven tissues that we examined, implying that AP2/ERF superfamily genes play an important role in fruit growth and development in the peach. These results will be useful for selecting candidate genes from specific subgroups for functional analysis.
INTRODUCTION
The AP2/ERF superfamily is one of the largest groups of transcription factors (TFs) in plants. The AP2/ERF superfamily is defined by the AP2/ERF domain that consists of about 60 to 70 amino acids and is involved in DNA binding. In general, the AP2/ERF superfamily is further divided into 3 main families on the basis of the number of AP2/ERF domains and sequence similarities. AP2 (APETALA2) family proteins contain 2 repeated AP2/ERF domains: 1) the ERF (ethylene-responsive factor) family proteins, containing a single AP2/ERF domain, and 2) the RAV (related to ABI3/VP1) family proteins containing 2 different DNAbinding domains, AP2/ERF and B3 (Sakuma et al., 2002; Nakano et al., 2006) .
It has been demonstrated that AP2/ERF proteins are involved in a variety of regulatory mechanisms throughout the plant life cycle. These proteins play significant roles in the transcriptional regulation of a variety of biological processes related to growth and development, as well as various plant biotic and abiotic stress responses. The AP2 domain was first identified as a repeated motif within the Arabidopsis thaliana AP2 protein (Jofuku et al., 1994) . Genes in the AP2 family have been reported to be involved in the regulation of a variety of developmental processes, from flowering to vegetative growth. The processes include flower and seed development (Jofuku et al., 1994) , spikelet meristem determinacy (Chuck et al., 1998) , leaf epidermal cell identity (Moose and Sisco, 1996) , and embryogenesis (Guillaumot et al., 2008) . The ERF domain was first identified as a conserved motif in 4 DNA-binding proteins from tobacco interaction with a GCC box (core sequence: AGCCGCC), which is a DNA sequence involved in the ethylene-responsive transcription of genes (Ohme-Takagi and Shinshi, 1995) . Subsequently, proteins in the ERF family of various plants were identified and implicated in a series of biological events, such as seed germination (Wang et al., 2008) and various stress-related stimuli (Yamamoto et al., 1999; Agarwal et al., 2006; Agarwal et al., 2010) . In the case of the RAV family, ERFs were first identified in A. thaliana (Kagaya et al., 1999) . The roles of the RAV family in the ethylene and brassinosteroid response have also been documented (Alonso et al., 2003; Hu et al., 2004) . Until now, a variety of AP2/ERF genes have been successfully identified and analyzed in various plant species, such as Arabidopsis (Nakano et al., 2006) , rice (Nakano et al., 2006; Sharoni et al., 2011) , grapevine (Velasco et al., 2007) , and soybean .
Peach (Prunus persica (L.) Batch) is a fruit with major worldwide commercial implications and is one of the most genetically well-characterized species of the Rosaceae family (Layne and Bassi, 2008) . The distinct advantages of peach make it suitable as a model genome species for Prunus, as well as for other species in the Rosaceae. Since the release of the peach genome sequence in 2010, current estimates indicate that peach has 28,689 transcripts and 27,852 genes (Jung et al., 2008) . However, the biological functions of only a few of these genes are well known. Currently, the use of molecular-assisted selection in conjunction with conventional breeding techniques is an accepted strategy for breeding new peach cultivars with enhanced biotic and abiotic stress resistance, nutritional value, and other novel traits (Layne and Bassi, 2008) . The genes of the AP2/ERF superfamily play significant roles in the transcriptional regulation of a variety of biological processes related to growth and development, as well as various plant biotic and abiotic stress responses. To our knowledge, a report on the comprehensive analysis of AP2/ERF superfamily genes in peach is not available.
On the basis of the highly conserved sequences in the AP2/ERF domain of AP2/ERF superfamily, a computational analysis to identify AP2/ERF genes in peach appears feasible. In this study, the identification and characterization of AP2/ERF superfamily genes on the basis of the current availability of a large public Genome Database for Rosaceae (GDR) and the Arabidopsis Information Resource (TAIR) database was attempted. According to phylogenetic and protein motif structural analyses, the families of the AP2/ERF subfamily and ERF family groups in peach were classified using the AP2/ERF superfamily classification of Arabidopsis as a reference. In addition, the expression percentages of AP2/ERF superfamily genes in different tissues or organs were analyzed. The data generated from this study will contribute to studies on the selection of appropriate candidate genes from the AP2/ERF superfamily in peach for further functional characterization and understanding of the precise regulatory checkpoints that operate during developmental and stress responses.
MATERIAL AND METHODS

Isolation of predicted AP2/ERF genes in peach
On the basis of the proteins identified in AP2/ERF superfamily genes of A. thaliana downloaded from the TAIR database (Huala et al., 2001) , the hidden Markov model (HMM) profile of the AP2/ERF superfamily was extracted from the Pfam, as described by Wang et al. (2010) . With the aid of the HMM profile, a search against the peach proteins database in GDR was performed using the identified proteins of the AP2/ERF superfamily of A. thaliana as query sequences. This resulted in 131 amino acid sequences of AP2/ERF proteins being obtained, after removing redundant sequences. To confirm these predicted AP2/ERF superfamily proteins, the protein sequences were then searched for AP2/ERF domains by using InterProScan (http://www. ebi.ac.uk/Tools/InterProScan/) and CD search (Marchler-Bauer and Bryant, 2004 ; http://www. ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) web servers. The numbers, names, and locations of the conserved domains contained in each AP2/ERF protein sequence of peach were also recorded. Finally, CDS sequences corresponding to the predicted AP2/ERF superfamily proteins were extracted from total CDS sequences of peach downloaded from the GDR database (Jung et al., 2008) .
Motif display and phylogenetic analysis of predicted AP2/ERF proteins in peach
The online tool of MEME (version 4.8.1) was used to search the conversed motifs shared by AP2/ERF proteins (http://meme.nbcr.net/meme/cgi-bin/meme.cgi), through uploading the file of amino acid sequences from the AP2/ERF superfamily in peach (Bailey et al., 2006) . Parameters were set as described by Wang et al. (2010) : 0 or 1 occurrence of a single motif per sequence, motif width ranges of 10 to 300 amino acids, and 5 as the maximum number of motifs that must be found. All other parameters were set at default. The amino acid sequences of the AP2/ERF superfamily in Arabidopsis were downloaded from the TAIR database (http://www. arabidopsis.org/browse/genefamily/index.jsp), and a multiple alignment analysis between peach and Arabidopsis AP2/ERF proteins (amino acid sequences) was conducted using the Clustal W program built in the MEGA 4.1 software (Tamura et al., 2007) . A phylogenetic tree of AP2/ ERF superfamily proteins in Arabidopsis and peach was constructed using the Clustal W tool, in conjunction with the MEGA 4.1 software, by using neighbor joining method and a bootstrap of 1000 replicates. Using a combination of phylogenetic trees and conserved domain analysis with the characteristics and structures of genes, the AP2/ERF superfamily in peach was classified into several families. The ERF family of peach was further classified into smaller groups on the basis of the ERF group classification of Arabidopsis (Nakano et al., 2006) .
Gene characteristics and structure analysis of predicted AP2/ERF genes in peach
The genomic sequences (peach v1.0), ID number, gene distribution on scaffold, and genome location of peach AP2/ERF genes were downloaded and obtained from Phytozome database (http://www.phytozome.net/peach.php). The open reading frame (ORF) length of peach AP2/ERF genes was analyzed using the ORF Finder in NCBI. A structural figure of peach AP2/ERF genes, including exon and intron numbers and locations as well as conserved domain locations, was constructed and displayed using the Gene Structure Display Server (GSDS) web-based bioinformatics tool (http://gsds.cbi.pku.edu.cn/).
Characteristics of predicted AP2/ERF proteins in peach
The basic physical and chemical characteristics (primary structure) of peach AP2/ ERF proteins were calculated using the online ProtParam tool (http://www.expasy.org/tools/ protparam.html), including the number of amino acids, molecular weight, theoretical isoelectric point (pI), aliphatic index, and gravy. Analysis of the tertiary structure was completed on the online server FUGUE (version 2.0) (http://tardis.nibio.go.jp/fugue/prfsearch.html), which automatically constructs amino acid sequences form tertiary protein structures through homology-modeling (Shi et al., 2001) . Swiss-PdbViewer (version 4.0.1) was used to analyze and display structure pictures (Arnold et al., 2006) .
Investigation of predicted AP2/ERF gene expression profiles in peach
Expressed sequence tags (ESTs) were used to detect AP2/ERF gene expression patterns. First, we used the predicted nucleotide sequences of AP2/ERF from peach as query sequences to complete a nucleotide blast in the NCBI EST database (http://www.ncbi.nlm.nih. gov/blast.cgi). As a result, 12,740 sequences were obtained. Further mining was completed to screen the sequences that had a score value of >90 and >100% with maximum identity (Shangguan et al., 2011) . Subsequently, the redundant sequences were deleted, and 322 final sequences were obtained. The expression data in different tissues were retrieved from analyzing the EST source information of the obtained 322 sequences.
RESULTS
Identification of predicted AP2/ERF genes in peach
To identify the AP2/ERF superfamily genes in peach, BLAST searches were performed in the GDR database by using AP2/ERF proteins of Arabidopsis as query sequences. In total, 131 genes were identified as potential encoding AP2/ERF domains in peach. InterProScan results demonstrated that 14 genes were predicted to encode proteins containing double-repeated AP2/ ERF domains. Five genes were predicted to encode a single AP2/ERF domain, together with one B3 domain. On the basis of the definition of the 3 families of the AP2/ERF superfamily, the former and the latter genes were assigned to the AP2 and the RAV families, respectively. In addition, 112 genes were predicted to encode proteins containing a single AP2/ERF domain. Overall, 104 of these 112 genes were assigned to the ERF family. The remaining 7 genes (ppa021782m, ppa014566m, ppa006202m, ppb023788m, ppa020991m, ppa018704m, and ppa018845m) encoded a single AP2/ERF domain and occurred in the same cluster as the 14 members of the AP2 family in the phylogenetic tree (Figure 1 ). Taking the AP2 family classification of Arabidopsis as a reference, these 7 proteins were assigned to the AP2 family. The remaining protein (ppa005376m) contained a single AP2 domain and a PAT1 domain, and its homology appeared to be quite low in comparison with that of the proteins of the AP2 or ERF family. Therefore, this gene was designated as a "soloist". Overall, the 131 genes of the AP2/ERF superfamily in peach could be divided into 3 families; namely, ERF (104 genes), AP2 (21 genes) and RAV (5 genes). In addition, there was a soloist gene (ppa005376m), as shown in Table 1 . 
Phylogenetic analysis and motif display of predicted AP2/ERF proteins in peach
To confirm the obtained classifications and to further categorize the ERF family, as well as to analyze the phylogenetic relationships, a phylogenetic tree based on the alignment of the AP2/ERF amino acid sequences between 131 AP2/ERF proteins in peach and AP2/ERF proteins in Arabidopsis was constructed (Figure 1 ). Following the group classification of ERF family genes in Arabidopsis, 104 ERF proteins in peach were further identified as belonging to 11 groups (categorized as groups I to X, and VI-L; Table 1 ), which correspond to group I to X and VI-L, as classified by Nakano et al. (2006) for Arabidopsis. ERF proteins belonging to the Xblike group in Arabidopsis were not found in the peach genome. The potential members of this group in peach were instead classified as belonging to the RAV family, since the members of this group all contain a AP2 and a B3 domain. In particular, we found that the number of ERF genes belonging to group III and group IX in peach is relatively large. Even though ppa018223m was clustered together with AP2 family proteins, as shown in the phylogenetic tree (Figure 1 ), both InterProScan analysis and the CD search results indicate that ppa018223m has a single AP2 and a B3 domain. Consequently, the ppa018223m in this study was finally classified into the peach RAV family. The 104 genes in the ERF family were each named in order of generic name, family name, group name, and the order within each group (shown in a subsequent section). As for the AP2 and RAV families, the group name was not available. This numbering method provides a unique identifier for each AP2/ERF gene and allows these genes to be easily distinguished. Given the above classification, the 131 genes of the AP2/ERF family were subjected to further analyses.
The MEME web server was used to analyze motif distribution for peach AP2/ERF proteins ( Figure 2 and Table 2 ). Among the total 131 amino acid sequences of peach AP2/ERF proteins, the shortest and longest sequences were 110 and 779 amino acids, respectively, with the total length of 131 sequences being 38089 amino acids. Motif 1 existed in all the AP2/ ERF proteins, except ppb023788m and ppa019435m. Motif 4 had the longest sequence and reached 113 amino acids, followed by Motifs 1 and 3. Motifs 2 and 5 were the shortest, with 11 amino acids. Motif 2 was absent in 4 peach AP2/ERF proteins (ppa006202m, ppb023788m, ppa021782m, and ppa026483m), while Motif 3 was not observed in 7 peach AP2/ERF pro- teins (ppa006202m, ppa020605m, ppa008514m, ppb025303m, ppa026651m, ppa010233m, and ppa011812m). Forty-seven peach ERF proteins belonged to groups I to IV, VI-L, and VIII to X, while 1 AP2 protein (ppa014566m) had no Motif 4. Motif 5 was not found in 20 peach AP2/ERF proteins, which mostly belonged to the AP2 and RAV families. It should be noted that 80% of the genes in the RAV family of peach do not have Motif 5. 
Characteristics of predicted AP2/ERF genes in peach
To further investigate the relationship between the genetic divergence within the AP2/ERF superfamily and gene duplication in peach, the scaffold location of each AP2/ ERF gene was determined from the peach genomic sequences. In total, 129 AP2/ERF genes were found unevenly distributed on scaffolds 1 to 8 of the peach genome, while scaffolds 17 and 10 contained just 1 ERF gene each (ppa006595m and ppa020676m, respectively). The numbers of AP2/ERF genes distributed on scaffolds 1 to 8 were 30, 13, 17, 6, 21, 17, 18, and 7, respectively (Table 3) . Scaffold 1 appeared to contain 25 ERF, 1 RAV, and 4 AP2 genes. Scaffold 2 contained 11 ERF and 2 AP2 genes, while no RAV family gene was observed. Scaffold 3 contained 11 ERF, 1 RAV, and 5 AP2 genes. Interestingly, the peach ERF family contains 3 groups of genes that have undergone duplication events. These genes are Ppa012302m and Ppa012304m (Group 1), Ppa008645m and Ppa008563m (Group 2), Ppa007093m, Ppa007106m and Ppa006366m (Group 3), located on scaffolds 1, 1, and 3, respectively. In comparison, we found that the nucleotide sequences for Ppa012302m and Ppa012304m genes were identical. Ppa008563m and Ppa008645m almost had the same nucleotide sequences, except that the former had 6 more tandem nucleotides than the latter. The DNA sequences for Ppa007093m and Ppa007106m were identical, while Ppa006366m had similar nucleotide sequences, except for some differences in the tail sequence. No duplication of genes was found in the AP2 and RAV families of peach.
Schematic structures of AP2/ERF genes were shown by GSDS utility in Figure 3 and Table 3 , whereby 75 genes in the ERF family, 4 genes in RAV family, and the soloist gene were found to have 1 exon and no introns. Overall, 22 genes in the ERF family and 1 gene in the RAV family contained a single intron and 2 exons in their ORF regions. The remaining 7 genes from the ERF family were unevenly distributed in groups II, III, VI-L, VII, and X, and had 2 to 4 introns. The members of the AP2 family have more exon and intron numbers than those in the ERF and RAV families, with 2 to 10 exons/introns. Furthermore, all coding sequences (conserved domains) of AP2 family genes were disrupted into several segments by introns. The number and position of the introns were relatively conserved in each family; thus, the classification of the AP2/ERF superfamily genes of peach in this study requires further validation. 
Characteristics of predicted AP2/ERF proteins in peach
The primary structure of peach AP2/ERF proteins was calculated from the online ProtParam tool, as shown in Table 4 . The negative grand average of hydropathicity (GRA-VY) index indicated that 13 proteins in the ERF family belong to medium proteins, while the remaining members of the ERF family and all the members of RAV and AP2 families are hydrophilic proteins. The ProtParam results revealed that the number of amino acids was positively correlated with the molecular weight for AP2/ERF family proteins. Among 131 AP2/ERF proteins, 50 were alkalescent amino acids and 81 were acidic amino acids on the basis of the value of theoretical pI. Each group contained both alkalescent and acidic amino acids, except group VI, in which all were acidic amino acids for the predicted proteins in the ERF family.
The tertiary structures of representative predicted AP2/ERF superfamily proteins in peach were built through the SWISS-MODEL web-based tool (http://swissmodel.expasy.org/). Since the AP2/ERF superfamily of peach has a relatively large number of members, one tertiary structure was selected for each, to represent members of the RAV family, AP2 family, and each group of the ERF family, as well as the soloist (Figure 4 ). As shown in Figure 4 , each tertiary structure of the peach AP2/ERF superfamily protein contains 1 α-helix, 3 β-sheets, and 5 random coils. Furthermore, the α-helix of each tertiary structure contains 16 amino acids displayed by Swiss-PdbViewer. However, the number of amino acids in each β-sheet or a random coil of each tertiary structure was different, thus creating slight variations in the length of β-sheets or random coils of each tertiary structure. In conclusion, the AP2/ERF superfamily proteins generally have similar tertiary structures, with slight differences in the length and amino acid composition of units that make up the tertiary structures.
Expression profiles of predicted AP2/ERF genes in peach
EST data provides valuable information for gene expression research. In total, 12,740 AP2/ERF ESTs were searched in the peach NCBI EST database. The expression statistics of predicted AP2/ERF family genes in different organs or tissues of peach were analyzed, as shown in Figure 5 where the percentage of predicted AP2/ERF family genes expressed in mesocarp and fruit skin hold the first and second places among all tissues or organs, reaching 87.6 and 5.0%, respectively. This was followed by 3.4, 1.2, 0.9, 0.9, and 0.6% for fruit mesocarp plus epidermis, shoot, leaf, whole fruit minus the stone, and the flower bud, respectively. The percentage of predicted AP2/ERF family genes expressed in branch bark (0.3%) was the lowest among all tissues or organs. 
DISCUSSION
In this study, a comprehensive analysis for genes encoding AP2/ERF proteins in the peach genome was performed, resulting in the identification of 131 AP2/ERF superfamily genes. The availability of the complete genome sequences and the previous identification of ERF/AP2 superfamily genes from some plant species (Nakano et al., 2006; Licausi et al., 2010; Hu and Liu, 2011) enabled the comparison of individual families and groups, basing the classification of these genes on Arabidopsis (Nakano et al., 2006) as a criterion. Overall (Table  1) , the AP2/ERF superfamily has a similar number of genes in peach and cucumber, which is less than that in Arabidopsis (147), grapevine (149), and rice (180). The number of these genes from the RAV family is highly conserved among species, with 6 members in Arabidopsis and grapevine, 5 in peach and rice, and 4 in cucumber. The AP2 family contains a similar number of genes in grapevine (20), cucumber (20) , Arabidopsis (18), and peach (21), while it is 29 in rice (Table 1 ). The gene number in each family of peach does not differ much from that of other species, despite the fact that peach has a large genome of 220-230 Mbp (Jung et al., 2008) , which is larger than that of A. thaliana (145 Mbp) (Huala et al., 2001 ) and shorter than that of Oryza sativa (430 Mbp) (Goff et al., 2002) , cucumber (367 Mbp) (Ren et al., 2009) , and grapevine (475 Mb) (Velasco et al., 2007) . This observation is clearly illustrated by the gene numbers in the RAV family, which remain relatively constant among most species. This indicates the possibility that the structure and phylogeny of the AP2/ERF superfamily genes is highly similar in plant species. The uneven distributions of the AP2/ERF gene family in various plants may have arisen from some gene duplication events.
Although the overall number of genes belonging to each family of the AP2/ERF superfamily was different among the plant species, the percentage gene number in each family to the total number of genes in the AP2/ERF superfamily among plant species was similar, regardless of whether the comparison was among woody and herbaceous species or among vegetable and fruit species (Table 1) . Furthermore, we found that the percentage of each family member to the total numbers of AP2/ERF superfamily follows the rule where the percentage of gene numbers in the ERF family/total numbers of AP2/ERF superfamily for each plant species is about 4 times as high as that for the AP2 family. In comparison, the gene number for the AP2 family is about 4 times as high as that in RAV family, while that of RAV family is about 4 to 5 times more than soloist genes. We found that the soloist protein coded by a single-copy gene was present in almost all the AP2/ERF superfamilies identified in different plant species, with the exception of cucumber, which has 4 soloist genes. A divergent member (Ppa005376m) containing an AP2 and a PAT1 domain through the CD search (PAT1 domain was not shown in Figure 3 ) was also observed in this study. The conservation of the sequence, plus the fact that it is weakly related to other AP2/ERF genes, suggests that this gene diverged from the AP2 family early in the evolution of the plant species. However, how this gene retained its single-copy feature during the separation of the woody and herbaceous plants and the spread of the eurosid clade requires explanation. In addition, the genes numbers in group III and IX of the ERF family hold the first and second place compared to those in all other groups of the ERF family for each studied plant species, apart from grapevine (Table 1) . Nakano et al. (2006) concluded that the members of group III and group IX might play vital roles in abiotic and/or biotic stress tolerance or resistance in several species; hence, the authors deduced that a relatively large number of genes in these groups might be the consequence of evolutionary adaptations to various environmental changes. Like in tomato, grapevine, and cucumber, the ERF family proteins in peach are classified into 11 groups. Since all 11 groups are present in monocot and dicot systems, it is possible that major diversification of this family predates monocot-dicot divergence. These similar traits indicate the AP2/ERF superfamily genes had a feature of high conservation during the evolution or separation process of various plant species.
It has been widely accepted that the intron/exon position pattern provides clues about evolutionary relationships (Hu and Liu, 2011) . Sakuma et al. (2002) reported that most genes in the ERF family of Arabidopsis possess no introns, with only 4 genes having an intron. Our schematic structure analysis indicates that the absence of introns in most ERF family genes is also a feature in peach (Table 3 and Figure 3 ). We also found that the genes of the AP2 family in peach have the highest number of introns and exons compared to those in the ERF and RAV families. Furthermore, all the repeated double AP2 conserved domain sequences in the AP2 family were disrupted into several segments by introns. These findings in peach are inconsistent with those of a previous study on rice, where the number of introns was found to vary from 5 to 11 in the AP2 family (Sharoni et al., 2011) . Besides further validating the family classification of the AP2/ERF superfamily, this observation also indicates that AP2/ERF family genes have similar characteristics among plants (i.e., both dicots and monocots), which may contribute to their functional similarity within the same family.
On the basis of scaffold distribution and genome location, the phenomenon of gene duplication was also found in the peach genome. For example, in the ERF family, Ppa012302m and Ppa012304m, Ppa008645m and Ppa008563m, Ppa007093m, Ppa007106m and Ppa006366m were duplicated and were located on scaffolds 1, 1, and 3, respectively (Table 3) . Similar to Arabidopsis, the duplication events of these genes may have a major influence on the amplification of members of a gene family in the peach genome. In addition, the pairwise evolution of duplicated genes also indicates that these genes might coordinately regulate certain biological processes common to this species, such as signal transduction and transcription. This is supported by previous findings, which demonstrate that the duplicated genes involved in signal transduction and transcription are preferentially retained (Blanc and Wolfe, 2004) .
Comparative analysis of the phylogenetic relationships among the AP2/ERF genes of peach and Arabidopsis was performed in this study. The results reveal much about the diversification and conservation of the AP2/ERF superfamily in peach, where segmented or whole gene duplication, as well as a more ancient transposition and homing, might have contributed to the expansion of the AP2/ERF gene superfamily. During this expansion, many groups have evolved, resulting in a high level of functional divergence in the AP2/ERF gene superfamily. For example, the Xb-like group of ERF family genes is present in Arabidopsis but not in peach species (Table 1) ; instead the members of Xb-like group in Arabidopsis and RAV proteins of peach were clustered together (Figure 1 ). We therefore deduced that these members might have only evolved in peach after functional divergence. Since peach is a woody species, selection either during domestication from its wild ancestor or during subsequent agricultural improvement may also have been important for the evolution of the peach AP2/ERF superfamily.
MEME is widely used to analyze sequences uploaded for similarities among DNA or proteins sequences, producing a motif for each pattern that is discovered. The E-value of a sequence is the expected number of sequences in a random database of the same size that would match the motifs, as well as the sequence, and is equal to the combined P-value of the sequence times the number of sequences in the database (Bailey et al., 2006) . The E-value of 7 proteins in the AP2 family (30%) appeared to be 0 (Figure 2) , indicating that sequence similarity among these genes is very high. Overall, 16 (76.1%) out of 21 proteins of AP2 family have very similar E-values, which in some ways confirm that members within a given group may have common and recent evolutionary origins. In comparison, among the 21 genes in the peach AP2 family, the Motif 4 sequence is repeated 2 to 3 times in 17 genes, just once in 3 genes, and is absent in 1 gene (ppa014566m). All genes in the RAV family have Motif 5, with the exception of ppa021899m. Proteins within a subgroup that share these motifs are likely to share similar functions (Hu and Liu, 2011) . Although the functions of most of these motifs have not been identified, some may play vital roles in transcriptional regulation.
Primary protein structure analysis, secondary protein structure prediction, and tertiary protein structure modeling are important research fields in life sciences. The differences in physical-chemical properties of side chains (amino acid sequences or primary structure) may generate the diversity of three-dimensional protein-folds observed in nature. Experiments performed decades ago demonstrated that the information specifying the three-dimensional structure of a protein is contained in its amino acid sequence (Anfinsen et al., 1961; Anfinsen, 1973) . Elements of secondary structure and super-secondary structure may then combine to form the full three-dimensional fold of a protein or its tertiary structure (Singh, 2001) . Regular tertiary structures include the α-helix (H), β-sheets (S), and random coils. All peach proteins in the AP2/ERF superfamily contain 1 α-helix, 3 β-sheets, and 5 random coils (Figure 4 ). This observation is generally consistent with that in Arabidopsis (Allen et al., 1998) , whereby the AP2/ERF domain is reported to contain an N-terminal, which is a three-stranded β-sheet that recognizes a target sequence as well as a C-terminal α-helix.
Although the protein sequences in the AP2/ERF superfamily were different, the protein tertiary structures were generally similar in this study. This similarity might be explained to a certain extent by the previous conclusion. For instance, protein structure is more conserved than protein sequence, and 2 sequences that share more than 30% sequence identity are likely to have similar structures (Singh, 2001) .
Large amount of ESTs of peach deposited into the GenBank have been created by partially sequencing randomly isolated gene transcripts and have proved valuable in molecular biology (Clifton and Mitreva, 2009 ). Identification of AP2/ERF family genes and the analysis of gene expression patterns through large amount of ESTs are classic examples. In this study, to detect the expression patterns of the 131 genes in the AP2/ERF superfamily of peach, 8 tissue types were analyzed according to the annotation of ESTs ( Figure 5 ). The proportion of expression of AP2/ERF superfamily genes was highest in the mesocarp than in the other 7 tissue types. The percentage of AP2/ERF superfamily genes expressed in fruit skin and fruit mesocarp plus epidermis held the second and third places among all tissues, reaching 5.0 and 3.4%, respectively. Therefore, we speculate that the AP2/ERF superfamily, especially ERF family genes, may play an important role mainly in fruit growth and development in peach. This is consistent with the results of studies on the fruit of several other plant species. In kiwi, the expression of transcripts of most AdERFs was higher during early fruit development, with the exception of AdERF3, which increased with maturity. Several AdERFs were apparently downregulated by ethylene. Yin et al. (2010) proposed that in kiwifruit, ERFs play a crucial role in the transcriptional regulation of ripening-related genes and in the regulation of kiwi fruit-ripening processes. In tomato, LeERF2 transcripts are most abundant in ripe fruit and its target genes are likely to play a role in the ripening process (Tournier et al., 2003) . Overexpression of LeERF1 shortens fruit postharvest life (Li et al., 2007) , while LeERF2 regulates ethylene production in tomato and tobacco by modulating ethylene biosynthesis genes. Guo and Ecker (2004) reported that members of the ERF family act as positive controllers of the ethylene response and are potentially involved in cross talk with other signals. Within the pathway of ethylene signal transduction, ERFs are plant-specific nucleus-localized proteins, serving as TFs that bind conserved motifs in promoter regions of target genes and thus providing a route for the activation of the ethylene signal at the level of target gene transcription.
In conclusion, this research has guided us a step further towards understanding the basic information of the AP2/ERF superfamily in peach. Phylogenetic and comparative analyses of AP2/ERF genes in peach may serve as a first step towards the comprehensive functional characterization of the AP2/ERF gene family by reverse genetic approaches in the future. Therefore, the results of the current study contribute toward identifying candidate genes for detailed characterization, as well as providing useful information about the breeding of new cultivars that may be able to adapt to less favorable environmental conditions.
